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We have prev ious ly  [I_] r epo r t ed  the isolation f r o m  the roots  of Tr i l l ium kamtscha toense  of two 
glycosides  which we cal led t r i l los ides  A and B. In the p re sen t  paper  we desc r ibe  the resu l t s  of the d e t e r -  
ruination of the s t ruc tu re s  of these  compounds.  

A methanolic ex t r ac t  of the roots ,  a f te r  deminera l iza t ion  on Sephadex G-25, was s epa ra t ed  by column 
chromatography  on s i l i ca  gel into two f rac t ions:  t r iUosides  A and B in a ra t io  of 3 : I .  Acid hydrolys is  of 
the saponins and subsequent  ch romatography  showed that the genin in t r iUosides  A and B is diosgenin.  Its 
s t ruc tu re  was also conf i rmed  by a compar i son  of analyt ical  and spec t r a l  (IR, PMR, and m a s s  spec t rome t ry )  
resu l t s  with those given in the l i t e r a tu r e  [2-7]. P a p e r  ch romatography  (PC) showed the p r e sence  in a 
hydrolyzate  of t r i l los ide  A of glucose and rhamnose  and in a hydrolyzate  of t r i l los ide  B of only glucose.  
The molecu la r  weights of the saponins de te rmined  f rom the yield of genin were  896 for  t r i l los ide  A and 
920 for  t r i l los ide  B. Consequently,  t r i l los ides  A and B a re  t r ios ides  of diosgenin.  

To de te rmine  the types of bonds between the monosacchar ides  in t r i l los ides  A and B we used the 
method of exhaustive methylat ion [8]. After  methanolys is  of pe rmethy la ted  t r i l los ide  A its hydrolyzate  
was shown by g a s - l i q u i d  ch romatography  (GLC) to contain methyl  2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - i f ,  ~-D-gluco-  
pyranos ide  and methyl  2 , 3 , 4 - t r i - O - m e t h y l - a ,  f l -L- rhamnopyranos  ide, and als o methyl  3 ,6 -d i -O-me thy l -  
ff,/~ -D-g lucopyranos ide  in a ra t io  of I : 1 : I .  The nature of the pe rmethy la ted  monosaechar ides  f rom a 
methanolyza teof  t r i l los ide  A was also conf i rmed  by m a s s  s p e c t r o m e t r y  [9]. 

For  a more  re l iab le  determinat ion of the s t ruc tu re  of the d i -O-me thy l  e ther  of glucose isolated 
f rom the methanolyzate  of t r i l los ide  A, it was methyla ted  to complet ion with t r ideu te romethy l  iodide. The 

m a s s  s p e c t r u m  of the compound obtained cor responded  to that  calcula ted theore t ica l ly  for a methyl  3,6- 
d i -O-me thy l -2 ,4 -d i -O- t r i deu t e rome thy lhexos  e [10]. 

Thus, t r i l los ide  A is a t r ios ide  of diosgonin. The suga r  d i rec t ly  at tached to the genin is glucose,  
and res idues  of glucose and rhamnose  a re  at tached to this in posit ions 2 and 4. To de te rmine  the pos i -  
tions of the i r  bonds with the f i r s t  glucose res idue  in t r i l los ide  A, this saponin was subjected to ace to lys i s .  
This gave s e v e r a l  compounds,  a s cheme  of the format ion  of which is shown on the following page.  

The s t r u c t u r e  of the diosgenin monoglucoside (If) was es tabl ished in the following way: a f te r  acid 
hydro lys i s ,  g lucose and diosgenin were  identified by ch romatography  on paper  and on s i l i ca  gel, while in 
the products  of the methan01ysis of (II) GLC showed the p r e sence  of only methyl  2 , 3 , 4 , 6 - t e t r a - O - m e t h y l -  

,~ -D-g lucopyranos ide .  Finally,  the s t ruc tu re  of (If) can be conf i rmed  by a study of its m a s s  spec t rum,  
which is given on the following page.  

As can be seen,  the peak of the molecu la r  ion of compound (II) ( m / e  632) has a low intensi ty.  How- 
ever ,  its p r e sence  unambiguously shows that  compound (If) is a diosgenin monohexoside.  F u r t h e r m o r e  , 
the p r e sence  of peaks with m / e  219, 187, 155, I01,  and 88, and some  o thers ,  and the resu l t s  of c h r o m a -  
tography,  given above,  re l iab ly  c h a r a c t e r i z e  the s u g a r  res idue  in the molecule  of the monohexoside (If) 
as g lucose .  

The s p e c t r u m ,  which is given below, also re l i ab ly  conf i rms  the s t r u c t u r e  of the aglycone.  As is 
well  known [3] (see Exper imenta l ) ,  the format ion  o f a n i o n w i t h m / e  139 and 115 showing the p r e sence  of a 
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spirostan ring in it is the most  characterist ic  for free diosgenin.  In the spectrum of compound (II) the 
peaks with m / e  115 and 139 are among the s trongest .  In addition to this,  there are other peaks ( m / e  254, 
267, 2 7 1 , 2 8 2 ,  etc.) characteriz ing the aglycone as diosgenin.  

The s tronges t  peak in the spectrum of compound (II) is that of an ion with m / e  397, corresponding to 
the ejection of a sugar residue from the molecular  ion. The spectrum of compound (II) also contains a 
number of other ions with m / e  greater  than the molecular  weight of the genin. However, they are of low 

m,e Intensity, m/J Intensity, r o l e  Intensity, 
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55 25 131 12 267 4 
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101 80 159 17 380 2 
102 10 187 30 428 3 
105 17 197 3 4-10 4 
107 17 199 5 441 7 
109 13 203 6 422 2 
111 23 204 5 45;' 3 
115 24 205 5 456 I 
117 8 219 8 466 4 
119 14 235 3 467 2 
121 22 249 6 632 2 
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intensity and their formation is apparently due to specific cleavages both of the monosaccharide residue 
and of the genin molecule.  

Thus, the facts presented on the hydrolysis  of the unmethylated (II), the methanolysis of(II), and the 
mass spec t rum reliably confi rm its s t ruc ture  as a diosgenin monoglucoside.  

The results  of the methanolysis of compound (III) and of a subsequent study of the products of its de- 
composition by GLC have shown that they contain fully methylated glucose and 2 ,3 ,6 - t r i -O-methy l -D-  
glucose in a ratio of 1 : 1. This shows that in the molecule of tr i l loside A the terminal  glucose occupies 
position 4 of the glucose residue attached direct ly  to the genin. Consequently, the rhamnose residue must  
be attached to C 2 of this glucose residue.  This is also shown by the fact that in the products of the methan- 
olysis of compound (IV) completely methylated rhamnose  and 3 ,4 ,6 - t r i -O-methyl -D-g lucose  (1 : 1) were 
found by GLC. Consequently, the s t ruc ture  of t r i l loside A can be represented  by s t ruc ture  (I). 

Tril loside B has a s imi lar  s t ruc ture .  In a methanolyzateof  permethylated tr i l loside B, methyl 
2 ,3 ,4 ,6 - te t ra -O-methy l -~ ,~-D-g lucopyranos ide  (its s t ruc ture  was also confirmed by mass spect rometry)  
and methyl 3 ,6-d i -O-methyl -a , /3-D-glucopyranos ide  (2 : 1) were identified by GLC. This shows that t r i l -  
loside B is a diosgenin t r ioside and the glucose residue attached direct ly  to the genin bears  side chains 
at C 2 and C 4 which also consis t  of D-glucose.  

E X P E R I M E N T A L  

Chromatography  was per formed with type KSK si l ica gel and paper of type "M r ["slow"] of the 
Volodarskii  Leningrad mill .  The saponins and genins were revealed with Sanni~'s reagent  [1] or by sp ray -  
ing with sulfuric acid and subsequent heating of the plates, and the free sugars  were revealed with aniline 
phthalate. 

The IR spec t ra  of the substances were recorded  on a UR-I0  instrument  (KBr tablets}, the PMR spec-  
t rum of diesgenin on a Varian A-60 spec t romete r  (chloroform), and the mass spec t ra  on a Varian CH-6 in- 
s t rument  with an ionization potential of 70eV and a tempera ture  of the evaporator  of 180°C. Gas - l iqu id  
chromatography was per formed on an LKhM-8MD instrument (column containing 5~ of PNPGS on Chromo-  
sorb  W, 80-100 mesh).  Melting points were determined on a Kofler block. The analyses of all the com-  
pounds corresponded to the calculated f igures.  

Isolation of the Saponins. The a i r -d ry  roots of Tri l l ium kamtschatcense (1 kg) were extracted suc -  
cess ive ly  in a Soxhlet apparatus with chloroform and methanol. The methanolic ext rac t  was evaporated at 
40-50°C, and the residue was dissolved in water and extracted with ether .  The extracted aqueous solution 
was evaporated and the residue was dissolved in the minimum amount of water  and t r ans fe r red  to a column 
of Sephadex G-25. Elution was per formed with water  and the fractions giving a positive react ion for 
saponins were collected.  "The yield of a mixture of triUosides A and B was 16 g (1.6°/c). 

Separation of Tri l losides A and B. The combined tr i l losides A and B (3 g) were t r ans fe r red  to a 
column of s i l ica  gel and eluted in the b u t a n - l - o l - a c e t i c  a c i d - w a t e r - e t h y l  acetate (6 : 4 : 3 : 2) sys tem,  15- 
ml fractions being collected.  The separat ion was monitored by TLC in the same sys tem.  The yield of 
tr i l loside A was 1.9 g, mp 196-200°C, [~]~ - 2.2 ° (c 1.3; methanol) and that of tr iUoside B 0.6 g, mp 182- 
186°C, [ot]~ + 0.5 (c 1.1; methanol). 

Acetylation of TriUosides A and B. Tri l loside A (0.15 g) was dissolved in a mixture of 3 ml Of ab- 
solute pyridine and 1 ml of acetic anhydride. The mixture was kept at room tempera ture  for a day. After 
t rea tment  with water ,  the precipi tate  was collected and was purified by preparat ive TLC on si l ica gel, mp 
124-12 7°C (methanol), [ a ] ~ -  56 ° (c 2.4; chloroform),  C45H72017. The acetate of tr i l loside B was obtained 
s imi lar ly ,  mp 134-137"C (methanol), [~ ]~ -34  ° (c 2.0; chloroform),  C45H72018. 

Identification of the Sugars in Trillosides A and B. Tril l0sides A and B (0.02 g each) were 
hydrolyzed separa te ly  in 4% hydrochlor ic  acid at 100*C for 5 h. The mixture was cooled, the precipitate 

w a s  fil tered off, and the fi l trate was neutralized with Amberli te IRA-410 anion-exchange res in  (HCO~), 
and paper chromatography in the b u t a n - l - o l - p y r i d i n e - w a t e r  (6 : 4 : 3) sys tem showed the presence  of 
glucose and rhamnose  in the hydrolyzate  f rom tr i l loside A and of glucose alone in that f rom tri l loside B. 

Identification of the Aglycone of Tril losides A and B. The combined saponins (6 g) were heated with 
70 ml of 5% hydrochlor ic  acid at 100°C for 6 h. Then the mixture was cooled, and the precipitate was 
f i l tered off, washed on the fil ter with water ,  and dried. It was recrys ta l l i zed  f rom acetone. Yield 0.5 g, 
mp 206-208°C, [(~]~ - 121 ° (c 2.1; chloroform),  C27H4203. Litera ture  data for diosgenin: mp 204-205°C, 
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[c~]~- 122.5 ° (c 0.8; ch loroform)  [7]. The m a s s  s p e c t r u m  of the compound isolated contained the following 
pea~s,  with m / e :  43 (32%), 53 (40%), 69 (53%), 115 (44%), 139 (100%),253 (19°7c), 267 (34%), 271 (45~), 282 
(87°/c), 300 (54%), 342 (31%), 345 (9%), 355 (12%), 396 (2%); 399 (2%), and 414 (29%); and its ace ta te  43 (28%), 
56 (17~c), 69 (15%), 81 (15~c), 107 (13%), 115 (10%), 121 (15%), 139 (25%), 158 (15~), 161 (12~c), 253 (17~c), 
267 (15%), 282 (100%), 283 (25%), 299 (2%), 303 (3%), 313 (13%), 315(77o), 327 (2%), 375 (2%), 396 (71~), 
397 (23%), and 456 (0.8%). The peaks  l i s ted  and the ra t io  of the intensi t ies  agree  well with those given in 
the l i t e r a tu r e  [3, 4]. 

In the PMR s p e c t r u m  of this compound, the protons of the methyl  groups at C18 and C27 have c h e m -  
ica l  shif ts  of 6 = 0.79 (6H) and those at  C19 and C2t shifts  of 6 = 0.97-1.05 (6H), and the Clsc~ and C2s p r o -  
tons have shifts  of 4.40 ppm (1H) and 3.4 ppm (1H), r e spec t i ve ly  (see [2]). The IR s p e c t r u m  of the c o m -  
pound was identical  with that  of diosgenin [5]. 

De te rmina t ion  of the Types of Bonds between the Monosacchar ides  in Tr i l los ides  A and B. T r i l l o -  
side A (1 g) and t r i l los ide  B (0.3 g) were  methyla ted  by Hakomor i ' s  method [8]. After  purif icat ion of the 
products  by column ch roma tog raphy  on s i l ica  gel,  0.8 g of pe rme thy la t ed  t r i l los ide  A was obtained with 
[c~]~ -43  ° (c 1.9; ch loroform)  and 0.1 g of pe rmethy la ted  t r i l los ide  B. 

The pe rme thy la t ed  t r i l los ide  A (0.5 g) was d isso lved  in 20 ml  of a 1 N solution of hydrochlor ic  acid 
in absolute  methanol ,  and the solut ion was heated at 100°C for  5 h. The reac t ion  mix tu re  was diluted with 
wate r ,  the p rec ip i ta te  was f i l te red  off, the f i l t ra te  was neut ra l ized  with Amber l i t e  IRA-410 anion-exchange 
r e s in  (HCO~) and evapora ted  at  30°C. P a r t  of the product  was s e p a r a t e d  by column ch roma tog raphy  on 
s i l i ca  gel,  giving methyl  2 , 3 , 4 , 6 - t e t r a - O - m e t h y l - D - g l u c o p y r a n o s e ,  methyl  2 , 3 , 4 - t r i - O - m e t h y l - D - r h a m n o -  
pyranose ,  and methyl  3 , 6 - d i - O - m e t h y l - D - g l u c o s e .  The pe rme thy la t ed  monos acchar ides  were  identified 
by GLC and mass  s p e c t r o m e t r i c a l l y  [9], and the 3 ,6 -d i -O-methy lg lucose  by GLC, the m a s s  s p e c t r u m  of 
its t r i deu te romethy la t ed  der iva t ive  agreeing well  with that  ca lcula ted  theore t ica l ly  [10] and containing the 
following peaks ,  with m / e :  45 (23~c), 48 (13~c), 54 (12~), 55 (13~), 71 (8%), 73 (8~), 74 (13~c), 75 (61~c), 
76 (11%), 78 (77o), 81 (8v7c), 104 (33%), 107 (40~), 120 (13~c), 128 (10~c), 130 (20%), 133 (10%), 149 (20~)., 150 
(2~), 151 (2.1~), 182 (8%), 193 (8~), 225 (0.6%), 256 (0.4~). 

By the GLC method,  the ra t io  of the pe rme thy la t ed  glucose and rhamnose  and the 3 , 6 - d i - O - m e t h y l -  
D-g lucose  in the methanolyza te  of t r i l los ide  A was found to be 1 : 1 : 1. Similar ly ,  for  t r i l los ide  B the ra t io  
of pe rme thy la t ed  g lucose  and its 3 , 6 - d i - O - m e t h y l  e the r  was found to be 2 : 1. 

Acetolys is  of Tr i l los ide  A. Tr i l los ide  A (1 g) was dissolved in 20 ml  of acet ic  a c i d -  acet ic  an-  
h y d r i d e - c o n c e n t r a t e d  sul fur ic  acid (10 : 10 : 0.25) and the solution was s t i r r e d  at room t e m p e r a t u r e  for  30 
min .  Then it  was t r ea t ed  with sodium bicarbonate  and was evapora ted ,  and the res idue  was acetyla ted  with 
acet ic  anhydride in pyr id ine .  The acetylat ion products  were  ex t rac ted  with ch lo ro fo rm and a f t e r  the 
e l iminat ion of the acyl  protect ion with sodium methoxide in methanol  they were  s e p a r a t e d  on a column of 
s i l i ca  gel in the b u t a n - l - o l - a c e t i c  a c i d - w a t e r - e t h y l  aceta te  ( 6 : 4 : 3 : 2 )  s y s t e m .  The separa t ion  and sub-  
sequent  methylat ion gave the products  shown in the s cheme .  

A. Dete rmina t ion  of t h e ' s t r u c t u r e  of the monoglucoside (II). Glucose was identified by paper  c h r o m a -  
tography in the products  of the hydro lys i s  of the monoside (ll) with 4~c hydrochlor ic  acid in 50~c ethanol.  
Diosgenin was identified by TLC on s i l ica  gel together  with an authentic s amp le .  After  the methanolys is  
of (II), methyl  2 ,3,4,6- tetra-O-methyl-c~, /~ -D-g lucopyranos ide  was identified by GLC. 

B. Dete rmina t ion  of the s t ruc tu r e s  of the biosides (HI) and (IV). Methyl 2 , 3 , 4 , 6 - t e t r a - O - m e t h y l -  
c~,~ -D-g lucos ide  and methyl  2 , 3 , 6 - t r i - O - m e t h y l - a ,  f l -D-glucoside in a ra t io  of 1 : 1  were  found in the p rod-  
ucts of the methanolys is  of the pe rme thy la t ed  bioside (III) and methyl  2 , 3 , 4 - t r i - O - m e t h y l - e , / ~ - L - r h a m n o -  
s ide  and methyl  3 , 4 , 6 - t r i - O - m e t h y l - a , f l - D - g l u c o s i d e  in a ra t io  of 1 : 1 in the Corresponding products f rom 
(IV). 

S U M M A R Y  

Glycosides  - t r i l los ides  A and B - have been isolated f rom the roots of Tr i l l ium kamtscha t cense .  

The s t r u c t u r e  of t r i l los ide  A has been es tab l i shed  as 4 - O - ( D - g l u c o p y r a n o s y l ) - 2 - O - ( L - r h a m n o -  
p yranos  yl) -D-gluc  opyranos yl -  (1 -+ 3) -dios genin. Tr i l los  ide B is 2 ,4 -d i -O-  (D-gluc opyranos yl) -D-gluc  o- 
pyranosy l - (1  - -  3)-diosgenin.  
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